Objective: To assess the maternal sociodemographic, anthropometric, dietary and micronutrient status in apparently healthy pregnant women in order to determine their associations with intrauterine growth retardation (IUGR). Design: Prospective observational study. Setting: Bangalore City, India. Subjects: A total of 478 women were recruited at 12.973.3 weeks of gestation and followed up at the first, second and third trimesters of pregnancy and at delivery. The dropout rate was 8.5%. Interventions: None. Main outcome measures: Birth weight was measured at hospital delivery. Results: The mean birth weight was 2.8570.45 kg. In all, 28.6% of newborns were IUGR. There was a strong inverse relationship between maternal educational level and risk of IUGR. A low body weight at baseline was also associated with a high risk of IUGR. Compared with women in the highest quartile for second trimester weight gain, those in the lowest quartile had a significantly higher adjusted odds ratio (AOR: 3.98; 95% CI: 1.83, 8.65) for IUGR. Women in the lowest tertile for serum vitamin B 12 concentration during each of the three trimesters of pregnancy had significantly higher risk of IUGR (AOR: 5.98, 9.28 and 2.81 for trimesters 1-3, respectively). Conclusions: The present study demonstrates associations between educational status, maternal weight and gestational weight gain with IUGR. Importantly, in a subsample, there were strong associations of vitamin B 12 status with IUGR, suggesting that better socioeconomic conditions, improved nutritional status and early detection of vitamin B 12 deficiency in pregnancy combined with appropriate interventions are likely to play an important role in reducing IUGR.
Introduction
Prevention of low birth weight (LBW; o2500 g), which affects nearly 30% of infants born in India, is a public health priority (WHO, 1995) . Low birth weight includes infants born prematurely (o37 weeks of gestation) or with intrauterine growth retardation (IUGR; o10th% for gestational age) (de Onis et al., 1998) . Since the majority of LBW infants in India and most developing countries are a result of IUGR (de Onis et al., 1998; ACC/SCN, 2000) , studies that explore the etiology of IUGR and interventions aimed at preventing fetal growth retardation are urgently needed.
A compromised maternal nutritional status is a major determinant of IUGR in developing countries. Women in the lowest quartile of both pre-pregnancy weight and weight gain during pregnancy are at highest risk of delivering an IUGR infant (WHO, 1995) . Other important causes could include maternal infections, low maternal nutrient intake, higher nutrient losses and/or increased nutritional requirements during pregnancy (ACC/SCN, 1989) . Maternal energy and protein deficiency is also associated with IUGR (WHO, 1995; Kramer, 2002) . A systematic review of six trials on balanced energy and protein supplementation in pregnancy reported a 32% decrease in the prevalence of small-forgestation age (SGA) babies, although this was of borderline significance (Kramer, 2002) .
Recently, interest has turned to specific micronutrients as possible limiting factors for fetal growth. A study conducted in rural West India showed a strong relationship between the maternal intake of green leafy vegetables and fruits in the second trimester and birth weight (Rao et al., 2001) . That this relationship was possibly a consequence of folate intake was shown by low maternal erythrocyte folate status, which was also independently associated with LBW. The effect of micronutrients in significantly decreasing the risk of LBW has also been demonstrated in randomized trials of multiple micronutrient supplementation of HIV-infected pregnant women in Tanzania (Fawzi et al., 1998) and more recently in pregnant mothers in Nepal (Osrin et al., 2005) .
Greater clarity on the determinants of IUGR would be obtained by the study of a more heterogeneous population, varied in their demographics, socioeconomic status and access to food and variability of actual food intake, a situation likely to exist in urban women in developing countries. Therefore, we conducted a prospective observational study in a cohort of urban Indian women in Bangalore, India, to investigate the maternal determinants of risk of IUGR in this population. We analyzed demographic and socio-economic data, maternal anthropometric and micronutrient status in order to better understand their contributions to the risk of IUGR in this population.
Subjects and methods

Study design
This study was a prospective cohort study conducted at St John's Medical College Hospital, Bangalore, India, from November 2001 to August 2003. This 1200-bed tertiary hospital draws patients of diverse socioeconomic status, from urban slums to high-income residential areas. Pregnant volunteers were enrolled in early pregnancy (baseline) and followed up until delivery. Information on sociodemographic factors at baseline (approximately 12 weeks of gestation, 12.973.3 weeks) and on maternal anthropometry, dietary intake, clinical status and blood at baseline, second trimester of pregnancy (approximately 24 weeks of gestation, 24.172.0 weeks) and third trimester of pregnancy (approximately 34 weeks of gestation, 33.971.2 weeks) was collected. The Institutional Ethical Review Boards at St John's Medical College Hospital and Harvard School of Public Health, Boston, USA, approved all study procedures, and written informed consent was obtained from each study subject at enrolment.
Study population
All pregnant women aged 17-40 years who were below 20 weeks of gestation and registered for antenatal screening at the Department of Obstetrics and Gynecology at St John's Medical College Hospital were invited to participate in the study. Every effort was made to recruit women as early in their pregnancy to carry out baseline measurements at 12 weeks of gestation. Women with multiple pregnancies, those with a clinical diagnosis of chronic illness, such as diabetes mellitus, hypertension, heart disease and thyroid disease, those who tested positive for hepatitis B, hepatitis B surface antigen (HbSAg), HIV or syphilis venereal disease research laboratory test (VDRL) infections, or those who anticipated moving out of the city before delivery were excluded.
Of 681 women who were contacted at the antenatal clinic during the study period, 65 women were excluded for the following reasons: 57 subjects were planning to deliver their babies outside the Bangalore area; three subjects had twin pregnancies; one tested positive for HbSAg infection and two others for VDRL infection; one subject was not pregnant and one had chicken pox. Of the remaining 616 women, 478 consented to be part of the study and were recruited. Of them, 410 (85.8%) completed the study with a known pregnancy outcome. Baseline data available among the 68 women (14%) who were lost to follow-up were similar to those included in the present analysis: age (25.473.8 versus 24.674.1 years; P ¼ 0.13, t-test), parity (0.570.7 versus 0.670.9; P ¼ 0.22, t-test), education (45.6 versus 39.8%, upto high school; 17.6 versus 26.8%, post high school diploma; 36.8 versus 33.4%, University degree and above; P ¼ 0.28, w 2 test) and gestational age (12.673.3 versus 12.973.3 weeks of gestation at recruitment; P ¼ 0.34, t-test).
Sociodemographic and anthropometric information
At the baseline visit, trained research assistants interviewed the study subjects to obtain information on age, obstetric history, family composition and socioeconomic status. Gestational age (in weeks) was calculated from the reported first day of the last menstrual period (LMP). Subsequent ultrasonographic measurements done within 2 weeks of the initial visit and again closer to the time of delivery were used to confirm gestational age calculated by LMP.
A digital balance (Soehnle, Germany) was used to record the weights of all mothers to the nearest 100 g. Measurements of height were made using a stadiometer to the nearest 1 cm. Mid-upper arm circumference (MUAC) was measured to the nearest 0.1 cm using a plastic measuring tape and skinfolds were measured at three sites (biceps, triceps and subscapular) for the assessment of body composition using prediction equations (Durnin and Womersley, 1974) . Weekly maternal weight gain during the second trimester was calculated as the average weekly weight gain between weight at baseline and weight at the second trimester visit. Weekly maternal weight gain during the third trimester was calculated as the average weekly weight gain between weights measured at the second and third trimester visits. Maternal body mass index (BMI) was calculated using weight and height at baseline (kg/m 2 ).
Laboratory methods
Blood was drawn from subjects after an overnight fast by venipuncture using trained personnel and collected in both ethylene diaminetetraacetate (EDTA) and plain vacutainers (Beckton Dickinson). Whole blood was used for the measurement of hemoglobin and erythrocyte folate. Whole blood for erythrocyte folate estimation was immediately treated with freshly prepared 1% ascorbic acid. Serum was stored for the analysis of vitamin A, E, B 12 and ascorbic acid. The aliquot for ascorbic acid determination was treated with an equal volume of 10% freshly prepared metaphosphoric acid as a stabilizing agent. The aliquots for the determination of vitamin A and E were covered with aluminium foil to protect against oxidation by light. All samples were kept frozen at À801C until analysis.
Blood hemoglobin was analyzed within 12 h of blood sampling using the cyanmethemoglobin technique on an automated instrument (Cell-Dyn 1700, Abbot Labs, IL, USA). In a subsample of 185 women, in whom blood collections were available for at least two trimesters of pregnancy, micronutrient concentrations of erythrocyte folate, serum vitamin A, vitamin B 12 (cobalamin), vitamin C and vitamin E were measured. The women in this subsample were not significantly different from the rest of the group for demographic, anthropometric, dietary and obstetric parameters. Due to inadequate sample in some cases, analysis for all the above micronutrients could not be carried out. Whole blood folate and serum vitamin B 12 were determined using a kit employed on an Automated Chemiluminescence System ACS:180 (Bayer Diagnostics, Tarrytown, USA). Hemoglobin folate concentrations were then determined from whole blood folate by dividing the whole blood folate concentration by the concentration of hemoglobin in the sample: The intra-batch coefficients of variation (CVs), checked by using multiple determinations of a pooled human serum and pooled whole blood treated with 1% ascorbic acid with a vitamin B 12 concentration of 348 pmol/l and erythrocyte folate concentration of 550 nmol/l, respectively (n ¼ 20) were 2.6% for vitamin B 12 and 3.3% for erythrocyte folate, and inter-batch CVs (n ¼ 20) done over a period of 3 weeks (n ¼ 15) were 3.4 and 4.8% for vitamin B 12 and erythrocyte folate, respectively. Vitamin A and E concentrations were obtained using highperformance liquid chromatography with UV detection using a method derived from that of Bui (1994) . Tocopherol acetate and retinol acetate were used as internal standards. The intra-batch CVs done on a pooled human plasma sample with a concentration of 1.2 mmol/l of vitamin A and 22 mmol/l of vitamin E were 0.48% (n ¼ 10) for vitamin A and 1.7% (n ¼ 10) for vitamin E. The inter-batch CVs done over a period of 3 weeks were 5.1% (n ¼ 15) for vitamin A and 4.8% (n ¼ 51) for vitamin E.
Total ascorbic acid was estimated by spectrophotometry using a method derived from Roe and Kuether (1943) . The intra-and inter-assay CVs of serum ascorbic acid done on pooled human plasma are 5 and 6.5%, respectively, at a concentration of 55 mmol/l.
Dietary methods
Habitual dietary intake for the preceding 3 months of each trimester was assessed using a food frequency questionnaire (FFQ) that was interviewer administered by a trained research assistant. This questionnaire that has been adapted from that developed for the urban middle class residing in South India (Vaz et al., in press ) has a food list of 108 items, derived from a food database developed over a period of many years from studies at the Division of Nutrition, St John's Medical College, and four frequency categories (daily, weekly, monthly and yearly). Standard measures were placed before the respondent to quantify the portion size of each food item when administering the questionnaire. Recipes for the food items were tested in the laboratory. Raw ingredients for each recipe were weighed, and volume to weight conversions measured for each cooked food item. Nutrient composition of the food item was calculated using standard food conversion tables for the ingredients (Gopalan et al., 1996) . Wherever available, Indian data was used. However, for some nutrients, for which Indian data was not available, USDA data in the public domain was used (USDA website). A replica sheet of the questionnaire was made in Microsoft Excel and the information was entered. The program computed nutrient scores by multiplying the relative frequency of consumption of each food item by its nutrient content of the standard portion size. Nutrient information was obtained on 27 macro-and micro-nutrients. This FFQ was validated against 24-h food recalls that were obtained thrice for each of the three trimesters of pregnancy (n ¼ 100, Dwarkanath et al., unpublished data, 2005) . Correlations between the FFQ and the 24-h recall (mean of three records per trimester) were performed. For energy intakes, the R-values were 0.5, 0.4 and 0.5 (Po0.001 for all correlations) for the first, second and third trimesters, respectively. Reported nutrient data from the FFQ are energy-adjusted values.
Birth data
Infants were weighed to the nearest 10 g on a standard beam scale balance immediately after birth. Low birth weight was defined as birth weight o2500 g and IUGR as birth weight below the 10th centile of the gestational age according to the standards of the World Health Organization (WHO, 1995) . Preterm delivery was defined as delivery before 37 weeks of gestation. Of the 410 women who had a known pregnancy outcome, there were 26 spontaneous abortions, 7 still births and 377 live births.
Statistical analysis
All analyses were carried out with the SPSS program (version 11.5, SPSS, Chicago, IL, USA). The analysis focused on the assessment of risk factors such as sociodemographic variables, maternal nutritional status and micronutrient concentrations for IUGR in 377 live births.
Sociodemographic factors considered in the analysis were age (quartile), parity, educational status and occupation of women. Maternal weight, height, MUAC, BMI, fat mass, fatfree mass, percent fat and trimester weekly weight gain were examined by quartiles. For biochemical indicators of nutritional status during pregnancy, anemia was defined as hemoglobin o11 g/dl (WHO, 2001 ). Blood hemoglobin and dietary nutrient intakes were examined by quartiles. Values of erythrocyte folate, serum vitamin A, vitamin B 12 , vitamin C and vitamin E were used in the analysis as indicative of micronutrient status. Erythrocyte and serum micronutrient concentrations were categorized in tertiles. Quartiles and terciles were used because we did not wish to define a priori cutpoints.
Logistic regression models were constructed to estimate the relative odds of IUGR for each risk factor after adjusting for potential confounding factors. For univariate analysis, we calculated 95% confidence intervals (CIs) for odds ratios for each risk factor between the IUGR births and other live births using logistic regression. All maternal sociodemographic, biological and anthropometric variables measured at baseline, with P-values o0.10, were tested in multivariate logistic regression models, which included maternal age quartile, educational level, parity, weight quartile, BMI quartile, MUAC quartile, fat mass quartile and fat-free mass quartile all at baseline. A multivariate model (with four covariates) was developed with maternal age quartile, educational level and parity together with anthropometric variables added one at a time. Although a number of maternal anthropometric variables at baseline had significant associations with risk of IUGR in both univariate and multivariate analyses, we chose the multivariate model that included maternal weight quartile to represent maternal anthropometry because it had the strongest association. Maternal second and third trimester weight gain and micronutrient concentrations measured at baseline, second and third trimesters were then tested in multivariate models, which also included maternal weight, for association with risk of IUGR.
Results
The mean age of the study participants (n ¼ 377) was 24.674.1 years (range: 17-40; Table 1 ). Women were at an average of 12.973.3 weeks of gestation at enrolment. About 60% of the women had an education beyond high school. Primiparous women made up 57% of the study cohort. A majority of the women (68%) were housewives. Their mean weight and height were 52.879.6 kg and 1.5570.06 m, respectively, and 16.1% had a BMI of o18.5 at baseline (Table 1) . In all, 28% of women were anemic at recruitment. The mean micronutrient concentrations at baseline are also presented.
The incidence of preterm births was 7.9% (n ¼ 30) and that of IUGR babies was 28.6% (n ¼ 108) in this cohort. The mean birth weight of all newborns was 2.8570.45 kg and that of IUGR babies was 2.4070.34 kg.
Risk factors for intrauterine growth retardation
The results of the logistic regression analysis comparing maternal risk factors between women who delivered IUGR babies and those who delivered other live borns are presented below:
Sociodemographic factors. The prevalence of IUGR, the univariate odds ratios and adjusted odds ratios (AORs) are listed by tertile, quartile or other categories of each risk factor in Table 2 . Among socioeconomic and biological factors, a lower maternal age and educational level each were significantly associated with the risk of IUGR in univariate analysis. In multivariate analysis, only a low educational level remained significantly associated with higher odds of IUGR. Compared with women who had a university degree education or higher, the AOR of IUGR was significantly higher in women who an education only up to high school (AOR: 3.16; 95% CI: 1.62, 6.17).
Anthropometric factor and maternal hemoglobin. Lower baseline maternal body weight, BMI, MUAC, body fat mass and fat-free mass were all significantly associated with higher odds of IUGR in univariate analyses (Table 2: data not shown for MUAC and fat mass). Hemoglobin levels at baseline were not associated with the risk of IUGR. However, the associations were not significant for any of the anthropometric variables when tested in the multivariate model. Low maternal body weight had an association with higher risk of IUGR of marginal significance (AOR: 1.62; 95% CI: 0.83, 3.15; P ¼ 0.09) after adjusting for confounding variables.
There was a very strong inverse association between weight gain per week during the second trimester and IUGR in both univariate and multivariate analyses (Table 2) . Compared with women in the highest quartile, the adjusted odds of IUGR was higher in women in the first quartile (AOR: 3.98; 95% CI: 1.83, 8.65), second quartile (AOR: 2.07; 95% CI: 0.94, 4.53) and third quartile (AOR: 1.32; 95% CI: 0.58, 3.03). Weight gain per week in the second trimester was o0.3 kg in 70% of mothers who delivered IUGR babies.
Lower weight gained in the third trimester was not associated with higher risk of IUGR.
Dietary status. Lower baseline maternal fat intake and vitamin B 12 intake were associated with higher odds of IUGR in univariate analyses (P ¼ 0.08 and 0.10, respectively). There was an inverse relationship between vitamin C intake in the second trimester (P ¼ 0.08) and vitamin E intake in the third trimester (P ¼ 0.19) and IUGR (data not presented). However, none of these associations were significant when tested in multivariate analysis. There were no significant relationships between all other nutrients and risk of IUGR.
Micronutrient concentrations. Low serum vitamin B 12 concentration during each of the three trimesters of pregnancy was associated with a significantly higher risk of IUGR after multivariate adjustment (Tables 3-5) . When compared to women who belonged to the highest tertile of serum vitamin B 12 levels, the adjusted ORs were significantly higher among women in the lowest tertile for each trimester of pregnancy: (AOR: 5.98, 9.28 and 2.81 for trimesters 1-3, respectively). Second trimester vitamin B 12 levels remained significant after additionally adjusting for weight gain during the second trimester; the adjusted odds of IUGR was higher in women in the lowest tertile for vitamin B 12 (AOR: 8.38; 95% CI: 2.55, 27.53, Po0.001, model not shown). Lower serum vitamin A, C and E concentrations and lower erythrocyte folate levels in the three trimesters of pregnancy were not associated with a higher risk of IUGR.
There was a significant correlation between vitamin B 12 intake and vitamin B 12 status in all three trimesters, although no significant relationship could be detected between vitamin B 12 intake and risk of IUGR (Figure 1 ).
Discussion
The findings of this study suggest that a low educational level, poor anthropometric status in early pregnancy, low weight gain in the second trimester of pregnancy and a low serum vitamin B 12 concentration throughout pregnancy are significant determinants of IUGR in urban Indian women. The 28.6% prevalence rate of IUGR in this cohort is lower than published figures of 48% for rural India (de Onis et al., 1998) ; this may be because this study is hospital-based, with stringent recruitment criteria such as registration early in 
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pregnancy and commitment to deliver at St John's Medical College Hospital. It is also possible that a certain proportion of the low SES women in the catchment area of the hospital deliver at secondary care hospitals. While the findings in the present study were based on 60% of the women in the original sample approached, and vitamin B 12 status was measured in 27% of the initial sample, it is likely that these findings are true, since the women who were lost to followup were similar in terms of their education levels, parity and gestational age at recruitment. It is culturally common in India for pregnant women to return to their parental homes for delivery; therefore, those women who were excluded from the study because of their plans to return to their ancestral home for delivery would in all likelihood be similar to those who were part of the study. Due to costs, the vitamin B 12 status was measured in a sample of the evaluated women, in whom blood was available for at least two out of three trimesters. A comparison of anthropometric, sociodemographic and obstetric parameters in this subsample, compared to the rest of the sample, revealed no significant differences.
There was a strong inverse relationship between maternal educational level and risk of IUGR in this study group after adjusting for maternal age, parity and maternal weight in Adjusted odds ratio from a logistic regression model containing maternal age quartile, education, parity and baseline (first trimester) weight quartile. b Adjusted odds ratio from a logistic regression model controlling for maternal age quartile, education and parity.
c Adjusted odds ratio from a logistic regression model controlling for maternal age quartile, education, parity and baseline (first trimester) weight quartile. Adjusted odds ratio from a logistic regression model controlling for maternal age quartile, education, parity and baseline (first trimester) weight quartile.
Maternal vitamin B 12 status and IUGR S Muthayya et al early pregnancy. This agrees with other studies which have indicated maternal illiteracy and low SES to be major risk factors for IUGR (Ferraz et al., 1990; Mavalankar et al., 1992; Fikree and Berendes, 1994) . Among all the socioeconomic, biological and nutritional factors studied, a maternal educational level of high school and below had the highest risk for IUGR in this cohort, underlining the importance of maternal education in determining a host of health-related behavior/ practices. Factors relating to the care of women, environmental hygiene and sanitation, household food security, and poverty are all likely to operate simultaneously, with a low level of maternal literacy in the etiology of IUGR. Among the anthropometric measurements, low maternal weight at baseline and, more importantly, poor weight gain in the second trimester were important predictors of IUGR after controlling for maternal age, parity and educational level. The effects of small maternal size before and during pregnancy on LBW are well established (WHO, 1995; Dreyfuss et al., 2001) . The mean maternal weight in early pregnancy observed in this study was marginally better than that reported in rural mothers from the Pune maternal nutritional study, which was conducted in Western India (Rao et al., 2001) . However, maternal weight o45 kg (lowest quartile in our study) in early pregnancy carried with it a high risk of IUGR. Our study also confirms an earlier finding that low weight gain for even brief periods during pregnancy places the fetus at risk for IUGR (Strauss and Dietz, 1999) . A majority of the mothers who delivered IUGR babies in our study had low weight gain per week in the second trimester, but gained adequate weight per week in the third trimester. Other studies have also indicated that weight gain, particularly in the second trimester, is important for fetal growth (Abrams and Selvin, 1995; Hickey et al., 1996) . Abrams and Selvin (1995) demonstrated that low maternal weight gain in the second trimester (o5.7 kg) was associated with decreased birth weights ranging from 48 to 248 g, depending on the pattern of weight gain in the other trimesters. A low maternal BMI in early pregnancy was less predictive of IUGR than body weight, as has been suggested in other studies (WHO, 1995) .
All women in the study were prescribed iron and folic acid supplements according to standard care for anemia prophylaxis, which comprises 60 mg of elemental iron and 500 mg of folic acid daily. Hence, it would be difficult to draw any inferences on the effect of anemia on IUGR in this cohort. Another study of 829 women from China also reported no change in the rate of IUGR births when maternal Hb concentrations were low (anaemia) or high (poor plasma volume expansion), especially in early pregnancy (Zhou et al., 1998) . Likewise, the lack of an association between Adjusted odds ratio from a logistic regression model controlling for maternal age quartile, education, parity and baseline (first trimester) weight quartile.
Maternal vitamin B 12 status and IUGR S Muthayya et al maternal folate levels and IUGR in this study could have also been confounded by the consumption of folate supplements. One study did report an association between maternal red cell folate concentration and the proportion of small-for-gestational-age infants (Hibbard, 1975) . The most notable finding of this study is that a low maternal vitamin B 12 concentration throughout pregnancy was independently associated with increased risk of IUGR after controlling for maternal age, parity, maternal educational level and body weight in early pregnancy, and after additionally controlling for weight gain in the second trimester. We used serum vitamin B 12 levels to assess status for two reasons. First, we were interested in a parameter that would reflect more recent intakes in the last 3 months (trimester), and, second, this measure of vitamin B 12 status has been used in earlier studies (Frery et al., 1992; Steen et al., 1998; Refsum et al., 2001) , which could be used for comparisons. Furthermore, vitamin B 12 status was significantly related to vitamin B 12 intake even though we could not demonstrate a direct relationship between intake and IUGR risk; it is quite possible that the latter may have been due to inadequate sample size, given the added uncertainty of the true estimation of vitamin B 12 intake by the FFQ. An intriguing possibility that was not addressed in the present study is that of poor bioavailability of oral vitamin B 12
intake. An earlier study reported negative correlations between birth weight and maternal vitamin B 12 levels at delivery in smokers in a Western group of women (Frery et al., 1992) . An association between low serum and amniotic fluid concentrations of B 12 and neural-tube defects has also been reported (Steen et al., 1998) .
It is now known that the prevalence of vitamin B 12 deficiency is high in the Indian population, with metabolic evidence of deficiency in 75% of young urban Indian men and women, in whom less than 5% had both folate deficiency and anemia (Refsum et al., 2001) . It may be important to look into the potential role of vitamin B 12 deficiency in elevating plasma homocysteine (Hcy) levels in pregnancy, and its implications for adverse pregnancy outcomes including LBW (Vollset et al., 2000) . Methionine synthase is an enzyme which catalyzes the methylation of Hcy to methionine using vitamin B 12 as a cofactor and methyltetrahydrofolate as a substrate (Finkelstein, 1990) . Formation of methionine through this pathway represents an important component of the one-carbon metabolism for synthesis of phospholipids, proteins, myelin, catecholamines, DNA and RNA. A deficiency of either vitamin B 12 and/or folic acid is likely to affect this pathway, resulting in an elevation of plasma Hcy with a relatively low methionine level. During pregnancy, an increased Hcy level has been Adjusted odds ratio from a logistic regression model controlling for maternal age quartile, education, parity and baseline (first trimester) weight quartile.
Maternal vitamin B 12 status and IUGR S Muthayya et al shown to be a risk factor for recurrent spontaneous abortion, intra-uterine death, abruption placenta and neural tube defects (Steegers-Theunissen et al., 1991 Kirke et al., 1993) . Murphy et al. (2004) have reported that mothers in the highest total Hcy (tHcy) tertile at 8 weeks of pregnancy had three times (OR: 3.26; 95% CI: 1.05, 10.13) and at labor had nearly four times (OR: 3.65; 95% CI: 1.15, 11.56) the odds of giving birth to a neonate in the lowest birth weight tertile. Additional studies are needed to elucidate the role of vitamin B 12 together with Hcy in the prevention of adverse outcomes, particularly IUGR.
In conclusion, the present study demonstrates associations between educational status, maternal weight and gestational weight gain with IUGR. Importantly, in a subsample, there were strong associations of vitamin B12 status with IUGR, suggesting that better socioeconomic conditions, improved nutritional status, early detection of vitamin B 12 deficiency in pregnancy combined with appropriate interventions are likely to play an important role in reducing IUGR. This study did not assess pre-pregnant levels of vitamin B 12 , and it may be important to ensure vitamin B 12 repletion in the periconceptual phase. This is particularly important, since vitamin B 12 stores can last for several years, allowing for considerable flexibility in the timing of the periconceptual supplementation. Maternal vitamin B 12 status and IUGR S Muthayya et al
